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TRANSISTOR OF A SEMICONDUCTOR 
DEVICE HAVING A PUNCHTHROUGH 

PROTECTION LAYER AND METHODS OF 
FORMING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This patent application claims priority from Korean Patent 
Application No. 10-2004-0016272, ?led Mar. 10, 2004, the 
contents of Which are hereby incorporated by reference in 
their entirety. 

BACKGROUND OF INVENTION 

1. Technical Field 
The invention relates to transistors of a semiconductor 

device and methods of forming the same, and more particu 
larly, to transistors of a semiconductor device having a punch 
through protection layer and methods of forming the same. 

2. Discussion of the RelatedArt 
Generally, a transistor includes a Word line pattern, source/ 

drain regions and a channel region. The channel region is 
disposed in the semiconductor substrate under the Word line 
pattern, and the source/ drain regions are disposed in the semi 
conductor substrate so that they overlap the Word line pattern. 
The Word line pattern is also disposed on the semiconductor 
substrate along With the source/ drain regions and the channel 
region. The channel region as Well as the Word line pattern are 
reduced in siZe With reduction of a design rule of a semicon 
ductor device. This reduction tends to create problems, such 
as a punchthrough betWeen the source and the drain region, as 
explained beloW. 

To cope With these problems, there has been much research 
on the semiconductor device to improve characteristics in 
spite of the reduction of the design rule. One research effort 
proposes a transistor including a channel-portion hole dis 
posed in the semiconductor substrate, and a Word line pattern 
?lling the channel-portion hole. The channel-portion hole has 
a trench shape. The Word line pattern provides a channel 
region along the semiconductor substrate de?ning the chan 
nel-portion hole. The channel region around the channel 
portion hole is longer in length than that of the channel region 
under the Word line pattern on the semiconductor substrate. 

HoWever, although the transistor having the channel-por 
tion hole can increase an integration degree of a semiconduc 
tor device With the increase of the length of the channel 
region, a punchthrough betWeen the source region and the 
drain region associated With the reduction of the design rule is 
not improved. This is because the reduction of the design rule 
of the semiconductor device decreases a diameter of the chan 
nel-portion hole and concurrently decreases the distance 
betWeen the source region and the drain region along the 
channel region around the channel-portion hole. Therefore, 
the transistor having the channel-portion hole requires a 
method of improving the punchthrough of the source and the 
drain regions. 
On the other hand, US. Pat. No. 6,423,618 to Ming-Jang 

Lin, et al. (the ’61 8 patent) discloses methods of manufactur 
ing a trench gate structure. 

According to the ’6 1 8 patent, the method includes sequen 
tially forming an epitaxial layer, and a ?rst and a second 
dielectric layer on a semiconductor substrate. The epitaxial 
layer has a base region and a source region overlapping the 
base region. A trench is formed in the epitaxial layer to 
sequentially penetrate the source and the base regions along 
With the second and the ?rst dielectric layers. 
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2 
The method includes forming a third dielectric layer at a 

loWer portion of the trench, and forming a gate oxide layer 
conformably covering the trench. A polysilicon layer is 
formed on the second dielectric layer to conformably cover 
the trench, and a fourth dielectric layer is formed on the 
polysilicon layer to ?ll the trench. Subsequently, the fourth 
dielectric layer and the polysilicon layer are partially 
removed so that the base region has the same level as the 
fourth dielectric layer and the polysilicon layer. 

HoWever, the method includes performing an etching pro 
cess on the epitaxial layer to form a transistor having a trench 
gate structure. The transistor may have an unstable interfacial 
state along the epitaxial layer de?ning the trench due to the 
etching process. The unstable interface of the epitaxial layer 
becomes a part of a channel region of the transistor, thereby 
causing a leakage current during the operation of the semi 
conductor device. Further, the method discloses a method of 
forming a transistor using different oxide layers on a bottom 
and a sideWall of the trench as the gate oxide layer, but the 
oxide layers inside the trench may increase the leakage cur 
rent and decrease a breakdown voltage of the gate oxide layer 
due to the different oxide layers. 

SUMMARY OF THE INVENTION 

According to some embodiments of the invention, transis 
tors of a semiconductor device and a DRAM cell have a 
punchthrough protection layer in a channel -portion hole, suit 
able for preventing the punchthrough of a source and a drain 
region of a transistor. 

Methods of forming the transistors are provided in the 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments of the invention Will be readily 
apparent to those of ordinary skill in the art upon revieW of the 
detailed description that folloWs When taken in conjunction 
With the accompanying draWings, in Which like reference 
numerals denote like parts. 

FIG. 1 is a layout of a transistor of a DRAM cell according 
to exemplary embodiments of the invention. 

FIG. 2 is a sectional vieW of a transistor of a DRAM cell 
taken along line I-I' of FIG. 1. 

FIGS. 3 through 16 are sectional vieWs illustrating a 
method of forming a transistor of a DRAM cell taken along 
line I-I' of FIG. 1, respectively. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 is a layout of a transistor of a DRAM cell according 
to exemplary embodiments of the invention, and FIG. 2 is a 
sectional vieW of a transistor of a DRAM cell taken along line 
I-I' of FIG. 1. 

Referring to FIGS. 1 and 2, a device isolation layer 110 is 
disposed in a semiconductor substrate 100 having a DRAM 
cell array region 200. The device isolation layer 110 isolates 
an active region 115. The semiconductor substrate 100 pref 
erably has a P conductivity type, but the semiconductor sub 
strate 100 may instead have an N conductivity type. 
At least tWo channel-portion holes 154 are disposed 

extending doWnWard from a main surface of the semiconduc 
tor substrate 100 of the active region 115, and each of the 
channel-portion holes 154 has a trench shape. Upper portions 
of the channel-portion holes 154 are preferably greater in 
Width than loWer portions thereof. Alternatively, the upper 
portions of the channel-portion holes 154 may be smaller in 
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Width than the lower portions thereof, or the upper portions 
and the loWer portions of the channel-portion holes 154 may 
be the same in Width. 

Each of the channel-portion holes 154 has a punchthrough 
protection layer 156 and a channel-portion layer 158 stacked 
thereon at its loWer portion. Word line insulating layer pat 
terns 163 are disposed on the channel-portion layer 158 and 
conformably cover the channel-portion holes 154, respec 
tively. The channel-portion layer 158 contacts the semicon 
ductor substrate 100 through sideWalls of each of the channel 
portion holes 154 With a predetermined Width. The Word line 
insulating layer pattern 163 and the punchthrough protection 
layer 156 preferably are an insulating layer having an etching 
ratio different from that of the semiconductor substrate, for 
example, a silicon oxide (SiOZ). The Word line insulating 
layer pattern 163 may be a silicon oxynitride (SixNyOZ). Fur 
ther, the channel-portion layer 158 is an insulating layer hav 
ing the same etching ratio as the semiconductor substrate, for 
example, an epitaxial layer. In the embodiment the channel 
portion layer 158 has a P conductivity type. In a peripheral 
circuit region except the DRAM cell array region 200, the 
channel-portion layer 158 may have a P or an N conductivity 
type. The channel-portion layer 158 may be an undoped epi 
taxial layer in the DRAM cell array region 200 and the periph 
eral circuit region. 

Channel impurity division regions 128 are disposed 
betWeen the channel-portion holes 154, respectively, and con 
tact the channel-portion layers 158. The channel impurity 
division regions 128 are not necessarily disposed betWeen the 
channel-portion holes 154 if a transistor can suf?ciently pre 
vent the punchthrough of the source and the drain regions by 
using the punchthrough protection layer 156. The channel 
impurity division regions 128 have impurity ions having the 
same conductivity type as the semiconductor substrate 100. 

First Word line patterns 172 are disposed on the Word line 
insulating layer patterns 163, and the ?rst Word line patterns 
172 ?ll the upper portions of the channel-portion holes 154, 
respectively, and are disposed in parallel and spaced aWay 
from each other on the active region 115. Second Word line 
patterns 174 are disposed on the device isolation layer 110. 
Each of the second Word line patterns 174 is disposed adja 
cent to the active region 115, and in parallel and opposite to at 
least one of the ?rst Word line patterns 172. Each of the ?rst 
Word line patterns 172 and the second Word line patterns 174 
includes a Word line 166 and a Word line capping layerpattern 
169 stacked thereon. The Word lines 166 of each of the ?rst 
Word line patterns 172 is disposed on each of the channel 
portion layers 158 and ?ll each of the channel-portion holes 
154. Each of the channel-portion layers 158 forms a channel 
region of the transistor under the ?rst Word line pattern 172. 
The Word line 166 includes polysilicon having an N conduc 
tivity type and a metal silicide layer stacked thereon. Alter 
natively, the Word line 166 may be polysilicon having an N 
conductivity type. The polysilicon preferably has a conduc 
tivity type different from the semiconductor substrate 100. In 
the peripheral circuit region except for the DRAM cell array 
region 200, the polysilicon may have the same conductivity 
type as the semiconductor substrate 100, or may have a con 
ductivity type different from the semiconductor substrate 
100. The Word line capping layer pattern 169 preferably is an 
insulating layer having an etching ratio different from that of 
the Word line insulating layer pattern 163, for example, a 
silicon nitride (Si3N4). 
Word line spacers 176 are disposed on sideWalls of the ?rst 

and the second Word line patterns 172, 174, respectively. The 
Word line insulating layer patterns 163 are preferably dis 
posed under the Word line spacers 176 as Well as under the 
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4 
?rst and the second Word line patterns 172, 174, respectively. 
The Word line spacers 176 preferably are an insulating layer 
having the same etching ratio as the Word line capping layer 
pattern 169. 

Electrode impurity regions 185 are disposed under the 
main surface of the semiconductor substrate 100 betWeen the 
?rst and the second Word line patterns 172, 174, and the 
electrode impurity regions 185 overlap the ?rst and the sec 
ond Word line patterns 172, 174. The electrode impurity 
regions 185 contact the channel-portion holes 154, respec 
tively. The electrode impurity regions 185 preferably have a 
conductivity type different from that of the semiconductor 
substrate 100. The electrode impurity regions 185 refer to a 
source and a drain region of the transistor, respectively. 

Plug patterns 196 are disposed betWeen the ?rst and the 
second Word line patterns 172, 174, and extend upWard from 
upper surfaces of the ?rst and the second Word line patterns 
172, 174. Each of the plug patterns 196 are isolated by an 
interlayer insulating layer 190. The interlayer insulating layer 
190 preferably is an insulating layer having an etching ratio 
different from that of the Word line spacer 176. Upper por 
tions of the plug patterns 196 are surrounded by the interlayer 
insulating layer 190, Whereas loWer portions of the plug pat 
terns 196 are spaced apart by the ?rst Word line patterns 172 
so that they are electrically insulated from each other. Further, 
the plug patterns 196 are disposed on the semiconductor 
substrate 100, so that they contact the electrode impurity 
regions 185, respectively. The plug patterns 196 preferably 
have the same conductivity type as the electrode impurity 
regions 185. The plug patterns 196 betWeen tWo consecutive 
?rst Word line patterns 172 is a bit-line node, and the other 
plug patterns 196 between the ?rst and the second Word line 
patterns 172, 174 are capacitor nodes, respectively. 
As a result, embodiments of the invention provide a tran 

sistor including the plug patterns 196, the electrode impurity 
regions 185, the channel-portion layers 158, and the ?rst and 
the second Word line patterns 172, 174. That is, the ?rst and 
the second Word line patterns 172, 174 are gates of the tran 
sistor, respectively, and the channel-portion layers 158 are 
channel regions of the transistor, respectively. Further, the 
electrode impurity regions 185 are source and drain regions of 
the transistor, respectively, and the plug patterns 196 are 
electrical nodes of the source and the drain regions of the 
transistor, respectively. Further, the punchthrough protection 
layer 156 disposed in the loWer portion of the channel-portion 
hole 154 functions to physically prevent the punchthrough 
betWeen the source and the drain regions of the transistor. 

Hereinafter, methods of forming transistors according to 
embodiments of the invention Will be described in reference 
to attached draWings. 

FIGS. 3 through 16 are sectional vieWs illustrating a 
method of forming a transistor of a DRAM cell taken along 
line I-I' of FIG. 1, respectively. 

Referring to FIG. 1 and FIGS. 3 through 5, a device isola 
tion layer 110 is formed in a semiconductor substrate 100 of 
a DRAM cell array region 200 to isolate an active region 115. 
The device isolation layer 110 is preferably formed of an 
insulating layer having an etching ratio different from that of 
the semiconductor substrate 100, for example, a silicon oxide 
(SiOZ). The semiconductor substrate 100 preferably has a P 
conductivity type, or the semiconductor substrate 100 may 
have an N conductivity type. 
By using the device isolation layer 110 as a mask, an ion 

implantation process 120 is performed in the semiconductor 
substrate 100 to form a channel impurity region 124. The 
channel impurity region 124 is formed by using the impurity 
ions having the same conductivity type as the semiconductor 
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substrate 100, and the channel impurity region 124 is formed 
to have a dose higher than that of the semiconductor substrate 
100. 
A pad layer 132, a re?ective layer 135, and a photoresist 

layer 138 are sequentially formed on the semiconductor sub 
strate having the channel impurity region 124. The re?ective 
layer 135 may not be formed if ?ne photoresist patterns are 
formed by a photolithography process. The re?ective layer 
135 is formed of an insulating layer having an etching ratio 
different from the pad layer 132, for example, a silicon oxyni 
tride (SiON). The pad layer 132 is preferably formed of a 
silicon oxide (SiOZ), and the pad layer 132 may also be 
formed of a silicon nitride (Si3N4). 
A photolithography process is performed in the photoresist 

layer 138 to form photoresist patterns 139 on the re?ective 
layer 135. By using the photoresist patterns 139 as an etching 
mask, an etching process is performed on the re?ective layer 
135 and the pad layer 132 to expose the main surface of the 
semiconductor substrate 100 of the active region 115. The 
etching process forms pad layer patterns 133 and re?ective 
layer patterns 136 stacked thereon on the semiconductor sub 
strate 100. 

Referring to FIG. 1 and FIGS. 6 through 8, the photoresist 
patterns 139 are removed from the semiconductor substrate 
100, and by using the re?ective layer patterns 136 and the pad 
layer patterns 133 as an etching mask, an etching process is 
performed in the semiconductor substrate 100 to form at least 
tWo channel holes 143. Channel spacers 146 are formed on 
sideWalls of the pad layer patterns 133 and the re?ective layer 
patterns 136 at bottoms of the channel holes 143. The channel 
spacers 146 expose the bottoms of the channel holes 143, 
respectively. At this time, the channel holes 143 are formed to 
expose the channel impurity regions 124, respectively, or may 
be not formed to expose the channel impurity regions 124. 
The channel spacer 146 is preferably formed of an insulating 
layer having the same etching ratio as the re?ective layer 
pattern 136, for example, a silicon nitride (Si3N4). 
By using the channel spacers 146, the re?ective layer pat 

terns 136 and the pad layer patterns 133 as an etching mask, 
an etching process is performed in the semiconductor sub 
strate 1 00 to form channel trenches 149. The channel trenches 
149 are formed to extend doWnWard from the bottom of the 
channel holes 143, respectively. The channel trenches 149 are 
formed to traverse the channel impurity region 124, respec 
tively, so that channel impurity division regions 128 are 
formed under the channel holes 143, respectively. The chan 
nel trench 149 is preferably formed greater in depth than the 
channel hole 143. The channel trench 149 may be formed 
smaller in depth than the channel hole 143, or the same depth 
as the channel hole 143. 
An oxidation process is performed on the semiconductor 

substrate having the channel impurity division regions 128 to 
form punchthrough protection layers 156 ?lling the channel 
trenches 149, respectively. The punchthrough protection lay 
ers 156 function to prevent the punchthrough of the source 
and the drain regions of the transistor. By the oxidation pro 
cess, each of the punchthrough protection layers 156 
increases Widths of the channel trenches 149 to form channel 
portion trenches 152. The channel-portion trenches 152 are 
formed under the channel holes 143 respectively by using the 
interface betWeen the semiconductor substrate 100 and the 
punchthrough protection layer 156. The channel-portion 
trench 152 and the channel hole 143 form one channel-por 
tion hole 154. The channel-portion trench 152 is preferably 
formed greater in Width than that of the channel hole 143. The 
channel-portion trench 152 may also be formed smaller in 
Width than that of the channel hole 143, or the same Width as 
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6 
that of the channel hole 143. The punchthrough protection 
layer 156 is preferably formed of an insulating layer having 
an etching ratio different from the channel spacer 146, for 
example, a silicon oxide (SiOZ). 

Referring to FIG. 1 and FIGS. 9 through 11, by using the 
re?ective layer patterns 136 and the channel spacers 146 as an 
etching stop layer, an etching process is performed on the 
punchthrough protection layers 156. The etching process is 
performed to partially etch the punchthrough protection lay 
ers 156 and expose the semiconductor substrate 100 de?ning 
upper portions of the channel-portion trenches 152. Further, 
side portions of the channel impurity division regions 128, 
Which are respectively in contact With the upper portions of 
the channel-portion trenches 152, are exposed. The etching 
process may be performed by using a dry etch or a Wet etch. 
An epitaxial process is performed on the punchthrough 

protection layer 156 by using the re?ective layer patterns 136 
and the channel spacers 146 as groWth stop layers to form 
channel-portion layers 158 ?lling the upper portions of the 
channel-portion trenches 152 respectively. The channel-por 
tion layers 158 are formed under the channel holes 143, 
respectively, and are preferably formed of an insulating layer 
having the same etching ratio as that of the semiconductor 
substrate 100, for example, an epitaxial layer. The channel 
portion layer 158 may be formed of an undoped epitaxial 
layer, or an epitaxial layer having a P conductivity type. The 
channel-portion layer 158 may be formed of an epitaxial layer 
having a P or an N conductivity type in the peripheral circuit 
region except the DRAM cell array region 200. 
An etching process is sequentially performed on the semi 

conductor substrate having the channel-portion layers 158 to 
remove the re?ective layer patterns 136 and the channel spac 
ers 146 from the semiconductor substrate 100. As such, the 
pad layer patterns 133 singly remain on the main surface of 
the semiconductor substrate 100. After removing the channel 
spacers 146 and the re?ective layer patterns 136, by using the 
pad layer patterns 133 as an oxidation stop layer, an oxidation 
process is performed on the sideWalls of the upper portions of 
the channel-portion holes 154 and on the channel-portion 
layers 158 to form sacri?cial layers 160, respectively. The 
sacri?cial layers 160 are preferably formed of an insulating 
layer having an etching ratio different from that of the re?ec 
tive layer 136, for example, a silicon oxide (SiOZ). The sac 
ri?cial layers 160 function to stabiliZe the unstable interface 
state due to the etching process during the formation of the 
channel holes 143. The impurity ions of the channel impurity 
division regions are diffused into the channel-portion layers 
by heat during the epitaxial process and the oxidation process. 

Referring to FIG. 1 and FIGS. 12 through 14, the sacri?cial 
layers 160 and the pad layer patterns 133 are removed from 
the semiconductor substrate 100. A Word line insulating layer 
162, a Word line layer 165 and a Word line capping layer 168 
are sequentially formed on the channel-portion layers 158 
and the semiconductor substrate 100 to ?ll the upper portions 
of the channel-portion holes 154. Preferably, the Word line 
capping layer 168 is formed of an insulating layer having the 
same etching ratio as that of the channel spacer 146, and the 
Word line insulating layer 162 is formed of an insulating layer 
having an etching ratio different from that of the channel 
portion layer 158, for example, a silicon oxide (SiOZ). The 
Word line insulating layer 162 may be formed of a silicon 
oxynitride (SixNyOZ), and is formed on the channel-portion 
layers 158 to conformably cover the sideWalls of the upper 
portions (channel holes) of the channel-portion holes 154, 
and concurrently to cover the main surface of the semicon 
ductor substrate 100. Further, the Word line layer 165 is pref 
erably formed of polysilicon having an N conductivity type 








